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(57) Abstract: 



PURPOSE: To generate a short optical pulse necessary 
for an ultrahigh speed optical communication by a mode 
locking method. 

CONSTITUTION: Three regions of an optical amplifying 
region 22 having semiconductor double heterojunctions, 
an optical modulating region 24 having a light 
absorption end for a shorter wavelength than the 
emitting wavelength of the amplifying region and formed 
of semiconductor double heterojunctions for holding a 
quantum well layer, and an optical waveguide region 23 
having a semiconductor layer or a quantum well layer 
which has a light absorption end in a shorter wavelength 
than that of the absorption end of the modulating region 
as a core layer are connected in series in the same 
plane, and light reflecting surfaces are formed on both 
ends of a structure in which the three regions are 
disposed in series. Thus, a light is generated from the 
amplifying region, a voltage applied to the modulating 
region is modulated, and a loss of the modulating region 
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* - K □ v 0 &\z * o T 3§± $ -£ 3 C <b £ S ft t f 

'a) o 

3S 3 6 ^ li J tfSftif ?J^f o fi 

^l=«koT«***i*3t*n«*2 4i:. ttftftHffitt 

a^-#FJi $ n re t -t &ft&fc&m® 2 3 # 3 orot 

«*. H-¥Srt-ClI5lll=»ttL. » 3 o<B««j&<iayiJ 
BE«i*lfc«l*<Dffli4lliaill=3l6G>S*tS*»*Lfct,©-C 

3®ft / x £ n ± $ 1+ -s> c t *<r- # -5 „ 
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iifi£*L*^#FB£te2t;¥«tty^'N^fp*££lc 
® « r- is^ij i - £ *i . k 3 o CD Mm &mm iea $ *if= 

am t mm.+#pmw. t *<ra-¥B we*5ijicffi«i * 

*U R2 -3<0««A<a5l]Efll**ifc«fftO>iSS4|lttPI=*<D 
SStffiA<»fiR**i, BI=tt«?-#F«*<D-»l=R«?- 

So 

<fcySjSSlCjtDiiHxJg^to^^<*ll^t^LI*a^#F 
SWt?iS5iJlc}g$I$+L. m 3 -3<D«*AMt5>JK«S:hfc 

L, 3EI=, **W«*lcifi/<-fr^«Ji*a»Lfc*H 

* * » w * 3t a m ? & at fei * fc i * * © s »«■ © - 1 = - 

«*fco*^#FB£l*Sfc¥»tt*?;u^-Tn«*» 

*u ^ 2o<oMi^A<it5ijffiS$^fcl«)ta)BgaiS$pi=3to) 
#FJBi=«»*WRi-t'5fcto<o«a* < iftit6jix. «a» 



3MM<MMl=a9Ml9fc£BTOU Sic, 5fc£IS 

[000 1 ] 

Jl*/^*.^— KD <;/£j£lrJ;oT#6*fc£t!: £>*=*© 

L^T^'Sr-pSjfe/^UXOfli^ilcffl-r-SicD-efe-So 
[0 0 0 2] 

[«£*©&«] ^E— KP y^ftlzj: y JS3fe/<JUa£Jg£ 

*t^fc«)©i?iLt. fit*, gi7ic^-r*5icptii 

flKHttl t^iij)SS§2A<m«$nfc*^A<iDt>HrLx 

[0003] wi7iZ7jk?mj&<Dm*izt$i\x. titmwm 

T*jft$i|i«77?U*a— ftS«i*il::a9lfzEB£*i 

WSIl 5t++9?i6ti'77Kl7 ^lA^l 8 

iSttl9i«Iioi«an 1 ^cif^jfefltt LTfS 

«*ft4¥»(**^u^-r utm-xi* 2 

l*s S*51 0±l=fc^r^7V/ KB 1 2. 1 2t*3 71 
1 3*liHfiiat4'3Tl^. fliIsB«it©& 
^/^UXH^^lrfcL^r, ;S14B9I*. tfil. 5 # 
m© I n G a A s Pfr«E>&y, P7B 1 3 lijft&l . 3 
(/mffll nGa AsP^b^^o 

[0 0 0 4] i 7 UStHSI^T'Sjlc/aX $ *4 $ 

*9t«%4MI1i4l 1 KEpnTU ftii«a* i 

IW*. C^lc^oT U— Wfefl!>*«^— KA<$S^L, 

A<H±**l€>o ^<D<fc-5'S : E— KP-v^J±*fiJfflLfcU 
— tf*-?--e«4 p s(7)&/^X3teA<» d££ S. T 
ucker A< Electronics Letters V. 25 p. 621 (c^SLT 

[0 0 0 5] 0814, iifiJSSihfct-h'Py^SS 
spJfflLfcb— y s 8«©Kffi1IIJt**rt.©-Cft«. 0 8 

tfaai*, s«i 5±i=*Jt«««i 6 1% 
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*;&S£1 7tRTfi|PBRJRiB*l 8 £H5i]|=E5iJ LTlSIf 

[0006] zoiz-^ittt, hi 7 &mz%\^m.w 
Lfc*««ffl« 1 tra i:itt«*i-«xwiii« i e cd 

aWnlttfOtfli* 1 8C0?6HXlrJ:oTHi|y^b^^<Dlc^ 
L-t, /^uxcDtf— ?jfi15§fc£T>V\°;uxcD&¥^Trl*fc: 
—• ^ifi^co^c^i-cko-rqRilxA^faL. /^uxi*^cd 
££ili@1--5>c<tlr ^StCDTrfcSo -CD«fc 5fcEI 8 (c 

mzMzis— *f&mo>m&-& u, i.4 PS <d/^ux 

*ICD*Ipfc/^UX7b^#ib;ft,Tl>-i>c<!:£P. A. Morton £ 
Applied Physics LettersV. 56 P. 111 

[0007] m&— Kp^Sic^yjift/^ux^si 

^■r-sfc^icfi, ? ? v * □ - izitmmm, 
* si ± £ 1* s c 1 1, pf flg r* fe -i) o 

[0 0 0 8] 

L«fc 5 4: HI 7 £ HI 8 |-*-T^S5 

CD^E— KP'V^&£fUfflLfc&ft/^l>Xf§£J!tT-l~3&o 
"CI*, JtA«3t**M-r*Ct(=J:oT3feH»*fi«1 . 

cftbCD&sfcAjuxstifiHH*. ^e/ v'j y^tftit-c-fc 
i*. fijwoasHSiiteHattiaKictt^rsL < «t-t 

I*, SMJi;&$i<!:SEaDJt£±lf -5 c £ rt<j&ST?fc-S*<. 
17 £Hl8lc^ft3fccD£;fc/\°;UX3S£*^T*(*, ±26 

[0 0 0 9] JM±l5iB^L,f=J:-5l- : S£*^<bJa7t/N°^X^ 

*w#&i*«retie*fl|jfti:i*sij«©*jai=«j:ys3t/^u 

[0 0 10] 

[BH*H»T5fctf>a>*fa:] 1 E«Ka%HI2lN 

*l-3t"»i|XJffi^%L»^#pll^l*$t;^Wtt:'S»*^;U'N 
liECDISlRSisiJ: y ^j&^lcjfc^ilXSi^&O^aJl^lii&l^ L 

liiffpf £ =i r m t -tzftmtemmo 3 ocdm±£ 



[001 1] immztmomwizmimmzm*? z> 

£. 1^3tigi|@«iarofl3tjS[fi«J:yS;^l^?RiCl4g*t, 

J*U HC^aT^P^CD-gpiciSS^PBlcmS 

[0012] m$£3Etta)%i»l*ffrBM£J!tft-f & 

SHU £ l^T , It 9JftMft * *ifc*it«l«* £ 3£^&8&M 
*t3Ht*»lfiai«ICjfc*LTRrffiSl?R«l««*»5iJSNS6LT 

[0013] iff*ii4te«co^BjiiHirieiiii$^;*-r-i) 
La^#F®£l*£t;¥##9 , ^iU'^P|g£l~J:oT 

TJii:-r**#»ttfli*a)3 0(DliBi«*<. I^-¥®I*JT? 
«JUlc*gl**i. IS 3 o<0fI«A<115lJiB«**Lfc*S<D 
KiaWlcstOJEItSA^ja £ *IT -5>*aH**a?t;\°;ux 

i-s 3t*wffi«i=jS£/<'f rxmE^aaLfc«sa?®i± 
*rt*tt«-rs^iB*fci*-to!>»»»©-i=-a*ii-T 

Sift/ X £ 3§± £ it Z> i CD t? & & o 
[0 0 14] fft*g5£lt<DfBHttffirEISa£#9t-4'* 

tztbi-. *mt*#?ji'^a&-£t&&mz.tzifct&mm& 
t. immmmmnmft&g:.*. yjs»ai=3fci»iixtiif£t, 

I£a^#Ffl^£A^-¥ffirtrit5i|(cfg^£*u i2 
•30)««A<»5IIE«*tLfc«J6©SSiliiapi=3t<DS*t®*< 
»J*£*U MI-!SS^#FMmcD-g|5lrKaT#Flllr 
«^$EPW^i>f=^cDm«A<iSlte^, mS^fi£MH6^ 

lci»3K®8S£EppIU 3fe^ll?l^iiiKI=j3ft/N*-<7Xtt 

ff*aaLfcSSsft*E*EPRrL. KSJ^;S«i±cDja^ 
TtA^^/^uxjtijspvi^tt^-r^BtrBisfcii^cD 

SSft^CD-lc-Sfe ^ 14-rSJt/ <;ux * * t CD T- 

[001 5] m*m6tm<Dmnmmzmm&M&?& 
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•f-osis»<D- iz-a * -a-r a*/ \°;ux £$s£ $ # ft t 

CDT?fcft<, 
[0 0 1 6] 

[ttffl] ft^#FI~«H£EP^I-tft<t. jfcaqftttftjiWft- 

iS3SA<»ie.^, z0>5t^p]§§ii4OGH zJu±o)S5sa 

»**-e*«**«T4l**CtJSE<ft**B-e**. 
[0 0 17] £fc. 3t*ai»«J«*t9;it4=ii:-e. St^ 

y. * : F*i=«i:y ft* 4 -tftct^nj 

flBfct,0>tfcS. *«*«*gf*l*. H*r*tf***<*# 
LtfeXXC C(D«**ft<-ri>Ctl4»*L<<EL^ * 

< . ^;uxitS(0/£A<y(D/h$L^3t/^XAq#e > *ift o 
[0 0 1 8] 

[HffitfJ] (HSS0IJ1 ) BIT. Hffi£#HBLT#*W<& 

nm.m\~i^TW$?ho m 1 nmmo 

sst/^uxatjisanaas^^^-rtto-c-a&y. ccdsiss 

0IJ0>$53fe/^UX3Oi2 01*. StR2 1±lC. IS1C0^«1J^ 
&HI=ft4l«fl«2 2 <i:?t#;JS^MJ|S2 3 tft&fflmm 

[001 9 ] ftftlffiffiltt 221*. 11 1 OTftte 2 1 ©til 
±SBI-, m#IS 2 5t+A"^l2 6i^7 , yKl2 7 
«taiBISIlM0)j§14JB2 8t?77KS2 9 £#llJi£ 

31*. Sffi2 1 <D*A«i]±a5lc. ^7^Kl3 0i:a7 
S3 1 W79 KB 3 2 t4<»Ji**ifc«|Jtl=*4iTl^ 

-5c %£vh&«2 4i* s a«2 ia>e«±ffi=. mm 
3 3t+t'^i34t97«; kh 3 5 tmmmmmn 

7tP&4Xli3 6t^7.f KB 3 7 t**«)lJ^fct^#p 
tt&ir&oTl^ft, £fc. g|1 ©atS2 1 (DJSSfti]l-l* 

[0020] «rlB«jfticj3L^r. 2 09Stt 

12 8(Dft%}fcg:t. &£S31ii£ 2 4 CDjfciRilXJg 3 6 <D 
URJlRiffii:. jltlVXKIM! 2 3<DziTll3 1 (DqRHXiasI*. 
C<DIR#T?*a*l=!S*«J:5lCl9!3t**trL^*. C(D« 
jftl=J3l*Ttt. 5S14B2 8 t3t?Ritt®3 6tziTB3 1 

[0021] cc-c-igic a^^Fi-sn^EPnTf ft 



COTftgHiSI*. 4 0 G H z lil±<OBJl;S«Jgt*t?^p 

*a<«t-T ft - 1 u < it s mmr- # ft c t b 

ft, ■€--"CflfHtijt(7)^?t/N°;UX7t;')l2 01*. busB^^ 
£*IJBL. %K0rai«2 2&3ife4Mlti4l2 3&jllt«XK 

«*2 4*7T^'J"«n-*«llrtl = lfl!ltfc«jft*«ffl 
U 3tEiS^HE2 4|c t fcftti^:(D^i)l|$®Lrm ; f-^:^ 

»JBLfc. #»*»«i*2 3£iaitfca>ld\ 3feiB2 0© 
St^ftCDS^IK U m^Sir J: oTft^ft^llllJS 

[0 0 2 2] Jt»att«*2 3*fflt^riC. 
fl«2 2 &%&VHW*2 4frb<D^b£:ft4ltfiJl£JSffl 
LTt^TS^S<TftCl t[*BI^77$,ft 0 LfrL. ?t 

MA<j£*<«tt^lHiajSj!i<**<D-ec:fl)fB**fi<-r* 
X7t3i2 0-ei±. »usa>%9%K«4e 2 3 £*rrft<7> 

/J^ <-f ftC<ttfTr£ft. 

[0023] #c:. h i izm-tm&osk&m-i^x * 

l^T— M**lfrBa-T4o Hi WaftWK^Sai 
Bgff2Jj£;£l-«): yftRtLfc. 3S3t/'OUX7t3S2 00)±fc<J) 
i^I5 2. 5 mm. 3tlt*S«lt 2 2 £ T" V K-< 
^T^V^X I nGaAs/I nGaAs Pfrb4'liif 
#FU— "fflUtt L. %iiMfiB*2 2 0. 5m 

m. 3fcj*&S&fI«2 3 0>g$£ 1 . 9mm. ^iHfUiS 
2 4(DS$$0. 1 mmt Lfc„ 

[002 4] 3fcitiH1»ige 2 2 -V -V 26? I n G 
a A sfrbJfcfiKL. ^77h'l2 7 < 29^1 nP^b 
ff^fiEL. Sttli2 8t Lt, H$ 1 0 nm<D I nG a A 
s#Pl)b<6lt, 4 n m(DqR)|X4ffl;jSft 1 . 2 // m 

©I nGaAs P P*II)1A< 5 HftH t L fc. 

jt#;SKnI±llt 2 3©3713 1 £. 1 . 3 U mlCPiiljX^ 
I nGaAs Pfr%tfj£L. ^ ^ KJ1 3 0 . 3 
2$ I n P^bilLfc. HUfB^TiSS 1 <7))?$[*0. 
1 (imi Lfco 3t^SS^2 4<75 + A"V^ , JS3 41* I n 
G a A s Z>r*f$. L. ^77hl3 5, 3 7 I* I n A I 
A sfrf>ff2J?£L. 7tl!5©Il3 61*. J?£ 7 nmO I n G 
a A si^-^FJlAWdi:. ®$ 5 nmffl I n A I A s 

[0 0 2 5] C<7)«"Jfl)^Jt/^UX7¥:3Sfl>P4ffig|5IC 
l*^ffi(D^gg®A''f>^ftS*t®^^L. 77?U^P 

ffl-TftCi:^<. R*tH$flfBS7t/^UX3t3SO)il4IBSB 
l-t$&J l=»(t ft ^SfiK <t t ft C 1 1 V * ft „ 

[0026] in ic^-Tcfedictfjs^tL. frSBro^i-jioD 
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mi/t/visxytm 2 o r-i*, 2 2 Kumst* 

EPWU JtJEH1fi*2 4lcja/WT^*a»Lf=1 6G 

IS 1 6 G H z . r® 1 P s <D5a.lt/ S)U 7, ft Z. £t< 

x-^tzo ::t\ Hi lc^-r5S3t/\°;uxjtil2 o tsess 

Sjt/^ux3t;)i2 014. yt$Lmm®2 Aom^^m-t 

[0027] *a3iMB<D*jfti=fc^Ts i&JiKtuifttftifW 
;ux3t3i -set # ft o 

[0 0 2 8] d 1 IC7F-r^iig(D^3t/\°;UX3 l c;H2 o £g 
JftL«fc5fr*«^. 3tt**«*2 2(OSttlf2 8i:3t 
^PMIS 2 4 (D&lMlIf 36i: #59 ;ftS£HJt 23037 

H3 1 t&zti^timtt-otzttm. *fci4, wotn 

A £ 1± ft t 5 tttor * 2 OB JjLtJS y il L ff 

fcfrfc< TI4fc£>£:L\> LA'* IEHtf>§?itig*T-(4. 
C©«fcBja**fT&*. ■&<©!*. figSlBtlr i E*-CA<[|8 

it-fey « 2 is]iaJ:©?»j*A-ei±*«::#H* y#«T 

-T & MS*<& ft « fCfC(DJ:7 fttt£-t<Z>l8]a $ 

[0029] (ms^j2) mzittftm^m^m-r^ 
s*/<iux3t3B4oi4. %iinfiJtf4 1 t&mte&m®. 

«j«B*i=i4H-w#*(*Lr-t+i&a)»Mii*iiis-r 

JH«iftl=L-C^*jSt?ft*. Hl*>. El2<75^it-eii. ft 
aS;j£KHIigE 4 ZOV^v KB 3 O ' .3 2' £ziTM3 
1' ^5t^»l««E4 30^77 KH3 5. 3 7 iftP&ilX 

[0030] Ea2i=s-r«ja*»ffl-r4^ti=*y. j£ 

MB#I- 1 B0Sj&K-e%itt4lffitt4 1 4 
ft„ C©«jeT?l*. ftfflHfMU 30>*l=/£l+*ajB3 
«B***«fl!l=S'7 %4MMM4 1 

Tl*fcl*ife#»tt«ii*4 2 li. l^FSStStO) 



fc*i:»LT 2 0-3 O d B/cmttt«WftI*iiS: 
-5c <£oT£ft/\°;UX£3g££l*ftC<t*<-Tr£fto 
[00 3 1 ] (£ftffl3) H3l*%;ft£BgW£4rr& 
&ft/^UXft;T£(Dig3<D#J£*t-t(D^&ft<, ZdiMcD 
«3t/<JU^3fc»5 0 14. 5fc«;£S&iii|!c 5 2 £ ftifigliisS 
5 1 &%KH1IJ*5 3$777"'J'<a- *S«ni=MI= 
ltJUE«Lfc*a>-e*y, #tt*icisi*T3g«E«i tra 

r*. C©*3SUS«l=*5l*-C. %®*l£ffitt£fl& 
4tC5lt. 7ta»;fiKMilS 52t ftigiffiHiUc 5 1 £ jfcfc 
Mm® 5 3 £ £ M&ER LTL^jSt. 5 
2 <t3t^PlMi|!c5 3 t^P-tDJBfltiirlcLT^&iST?* 

o 

[0032] H3ic*-r*fifc*«ffl-r4cti=«j:y. nr 
isnis^ij 2 <D«ijg t n«(»Mii t#* c t a<t? * ft c 

[003 3] H4l*%«;fttt1fitt£*-r« 
ftAJUXft;li<7)jS4<7>#iJ£^?- $,<DX&Z>o C0)#ija>*2 
3t/^U^3t356 0I4. ft4Mra*ft6 1 t ttKlflflM! 6 3 

t*3»a»««6 2*7T^y<p— fss»rti=roi=:» 
5ijs«Lfc*©-cfty, #««(=fe^TSijfi«iji ira* 

©«*»Jlll=l*H-»**f*LT-f-*t6©IJlWI**l§-*- 
ft 0 ;icDgS4HS£0i]|cfcl^T, 3t©m lSIJ6«i:*** 
tc5l4, %4««W6 1 ^ftXttHMle 3&3b«ittB 

fit* 6 2 t * M%En L T L > ft £ <t , 6 2 

[0034] BB4i=*f*rt*»ffl"r« = ti=«ty. fi 

IBggSS^J 2 ©fllit fc ra«(7>sax ft C <t A<T? # ft . 
[003 5] (UttMS) 0 5(4pIfia«jq6iRfIliS^iSlt 

3t/\°;UXj , 6jl7 0I4. RTffifQRilK{S« 7 4i:*^#pcD 
**5fif»ffi«7 2 £%JiWffljti7 1 tfi^-#FCD*^p 
«*7 3S8N»Lfcii6tft«. Wfi»»J|R««7 4 
14. C<D«T?l*JtliiB«* <t H-<DB«jt fc <* o T 
ftc BliafnBa«lK«^7 4 <tl4. mi^EP"Ifl#'o£LNLI4*m 

ftttM^^-rftM^rfcft. 

[0 0 3 6] Sfcs -CT?ffl^ftprfilfPI»J|X^ll87 4 t 
L r I4fl * (OmtiZ & £ ft - £ tfX £ ft o prffi»«JR1H« 

tit, 3Ht««««tHi:«jei-e*y, ima^l^- 

«R^7 4lz/'?;uxA<ASt-rft<!:. /^ux^fj^gp^pl 
ttfaiSJRffiiA 7 4 0)«JOH=«J:orBi|yi»&*i4fl!)(c»L 
r. /^ux(Dt°— 7jfi^*jJ:u:/'v;uxc7)^¥$Br'i4/^^ 
xrotf— i7jfi^©sit^icj:^rpit&fl]iRi|x^m7 4© 

/N°;UXO)PAiR^^i*<tafDL. /<^XI4-€-(D*^Jljl-rft 
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[0 0 3 7] COffiitlrfcUTt,^— KP'^l:J;y® 

$ -B- -5 - 1 tfTr £ & „ 
[0 0 3 8] S;j^t;iA^^T4-+?^Ct^»^#F^fl^ 
U*¥«Wlt^t&?DP&J|XMi|lc<h LT^IS Cb;^ 

£IH*lb L tz t 0) £HJ£0i] 6 vrnw? -S » 
[0 0 3 9] (HJ£#J6) m6l*i^-#F<7>oIt!faP.&i|X 

C<£0iJ<D&7fc/<;UX3fc;Jl8 01*. M.+X-FO aJt&fa 
PMtHJHi 8 4 irfi^#p<7)^*;SS§?i±iK8 2 £3t3i5JfcS§ 

pi^?8 1 <ta^-#Fro^ggi)ii?iiiE8 3 zmffiLtztmr- 

[0 0 4 0] CCD^JCDfitillCfc^T. pJiSftqSMtt 8 4 

i*. a^-#FT'S>y. utiis^Lri*. ft£mm®8 3 
izm^xmmi&mm^^L. ai&mms 4i_i*^/s* 

Vtz%&-5[ffi.mJk^i$. 8 4T?qR)jX-r 6* 5 IC LT L> 

'I) o 

[004 1 ] ccD^itlcfc^rt^E— Kn^^ici;ys 
[0 0 4 2] 

[0 0 4 3] MIC, *#a»«*Sttlt-Cl^*<D-C. * 
T-fi*«<-r* = tlcJ:yjtMHiR«*»«). £iBf<J« 

[0 0 4 4] £fc. W**2l=IB«LfciBWI=J:#il<, 
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